tained in the filtrates was considered to represent soluble bismuth.
Serial twofold dilutions of the bismuth filtrates were made in sterile water and incorporated into Wilkins-Chalgren (WC) agar (Difco, Detroit, Mich.) to assess their antimicrobial activity. One milliliter of an overnight cooked meat culture of C. difficile (VPI 10463) was added to 10 ml of prereduced WC broth and incubated for 6 h in an anaerobic glove box (Forma Scientific, Marietta, Ohio). The average viable count of 14 such cultures was 3.2 ϫ 10 7 CFU/ml. Serial 10-fold dilutions of the culture were made in WC broth, and duplicate 10-l drops of the 10 Ϫ3 , 10 Ϫ4 , and 10 Ϫ5 dilutions were inoculated onto the surfaces of the agar dilution plates. After anaerobic incubation for 24 h, the numbers of CFU were counted, and the MIC was defined as the concentration of elemental bismuth that completely inhibited the growth of a selected dilution of C. difficile. Inoculated duplicate and triplicate control plates contained no bismuth. A sample set of data used to determine MICs is presented in Table 1 .
Filtrates of BSS in water demonstrated no activities against C. difficile and possessed virtually no detectable elemental bismuth; however, all thiol-containing substrates [L-cysteine, L-(ϩ)-cysteine-HCl, glutathione, and DL-homocysteine] reacted with BSS to produce a water-soluble bismuth product. The pHs of the reaction mixtures ranged from 1 to 5. Acidification of an aqueous suspension of BSS did not solubilize BSS, and the gastric samples with a pH of 1 only marginally reacted with BSS to produce soluble bismuth products; therefore, the pHs of the mixtures did not seem to be responsible for rendering BSS soluble. Of the bismuth filtrates analyzed for elemental bismuth, the L-(ϩ)-cysteine-HCl-BSS filtrate had the greatest concentration of soluble bismuth, and elemental analysis suggested that all of the insoluble bismuth was now accounted for as soluble bismuth. The interaction of BSS with thiol-containing molecules is not surprising, given the high affinity of the bismuth ion for sulfhydryl groups.
No antimicrobial activity was detected in filtrates obtained from the interaction of BSS with coffee, but there was moderate activity with milk and high activity with orange juice. With the exception of lemon juice, all the fruit juice-bismuth filtrates had high activities against C. difficile, especially the grapefruit juice filtrate. Grapefruit juice has received much attention because of its modifying effects on cytochrome P450 and the primary metabolism of certain drugs (4, 12) . Our observations reflect another interaction of drugs with grapefruit juice, in which grapefruit juice reacts with BSS to produce soluble bismuth complexes. One assumes that this reaction would also take place in the gastrointestinal tract if grapefruit juice and BSS were concurrently consumed. Reactions of BSS with V8 juice and wine yielded lesser amounts of soluble bismuth product than those obtained with the fruit juices, and the yield from the reaction with the fat-free soup was almost negligible (Table  2) .
Since a common ingredient in all of the active natural products might be vitamin C, we compared the reactions of BSS and Bi(NO 3 ) 3 with ascorbic acid. Both of these salts reacted similarly with ascorbic acid [and with L-(ϩ)-cysteine-HCl] to produce soluble bismuth (Table 2 ). MIC determinations showed that ascorbic acid itself had activity against C. difficile, although the MIC was high (2,500 g/ml); however, the MIC of the reaction product of BSS and ascorbic acid contained 156 g of ascorbic acid/ml and 4.5 g of elemental bismuth/ml. Since ascorbic acid does not contain sulfhydryl groups, the reaction of bismuth with ascorbic acid indicates the affinity of bismuth for other molecular functional groups.
Although the amount of insoluble bismuth converted to soluble bismuth differed depending upon the composition of the reaction mixture, the MICs of eight different reaction mixtures described in this communication were similar for each soluble bismuth product tested and ranged from 1.5 to 6.7 g/ml (average, 3.8 g/ml). The average MIC that inhibited by 10 to 100 times or more the number of bacteria was 7.1 g/ml.
The presence of bismuth-cysteine complexes has been demonstrated previously by use of electrospray mass spectrometry (5, 6), but little is known about the fate of either soluble or insoluble bismuth medications when they interact with foods or specific amino acids. There have been several studies of the effects of BSS on diarrheal disease, but there is a paucity of information regarding C. difficile. Chang et al. (7) described an animal model with which the responses of C. difficile infection to vancomycin and BSS were compared. Vancomycin provided the best response; however, BSS treatment did result in delayed death for the animals.
In conclusion, we have shown that BSS interacts not only with molecules containing sulfhydryl groups, such as L-(ϩ)-cysteine-HCl, DL-homocysteine, and glutathione, but also with fruit juices and ascorbic acid. Our less intensive studies with Bi(NO 3 ) 3 indicated similar interactions. We have demonstrated that the reaction products described have very good activities against C. difficile, a major pathogen of the colon. Whether they have therapeutic potential must be assessed, but Pepto-Bismol itself deserves further assessment for its potential to cure C. difficile infections in vivo. 
